Requirements for educating the next generation of scientists in the responsible conduct of research (RCR) were published approximately 25 years ago. Over the years, an extensive collection of research ethics educational resources have been developed, most of which are available to the scientific community. We can use these resources to effect change in student learning about responsible and ethical research practices; however, research on RCR educational effectiveness reveals mixed results. Rather than assume ethics education is ineffective, perhaps we should examine whether we are making the best use of these training tools and resources when teaching RCR. Connecting the body of knowledge on how people learn with how we teach research ethics may be a solution to improving student-learning outcomes associated with research ethics education. This essay provides a brief review of the research on human learning and introduces practical tips for connecting evidence-based principles to RCR teaching. Next steps involve RCR educators planning empirical research to support the application of research-informed practices to teaching research ethics.
INTRODUCTION
Practicing responsible and ethical research is necessary for obvious reasons, not the least being to earn the trust of the public who stands to benefit from scientific discovery. Nearly 25 years ago, federal mandates were published announcing requirements for training in the responsible conduct of research (RCR) for select trainees (23) . Within the past five years, the National Institutes of Health (NIH) published an update for RCR training and the National Science Foundation (NSF) published plans to implement RCR requirements associated with the America COMPETES Act (24, 25) . Federal training requirements have led to the development of an extensive number of RCR educational resources, including curricula, textbooks and on-line resources, to aid in the teaching of research ethics (10, 11, 17) . In spite of having access to excellent resources to support RCR teaching, the findings are mixed regarding whether RCR education is effective (2, 3, 13, 28) . The regulations provide guidance on content yet allow institutions latitude in determining how best to respond to training requirements (28) . This autonomy has resulted in RCR programs that vary considerably in goals, scope, content, and approaches and may explain the challenge in assessing efficacy (12, 13, 28) ; however, lackluster student learning outcomes may be more indicative of a problem with how RCR educators approach teaching and learning (14, 19, 25, 26) .
McGee et al. (20) questioned whether the unimpressive RCR outcomes could be attributed to instructional design or course delivery. While lecture and discussion are typically used when teaching RCR, some educators are beginning to engage students through interactive, problembased, and experiential learning methods (5, 7, 9, 12, 19, 28) . Instructional approaches that actively engage students in the learning process (e.g., role play, debate, peer-teaching) are congruent with the literature on human learning and successful teaching approaches. Understanding the science of learning can shed light on several key points including: 1) why these approaches work, 2) how to align teaching strategies with course goals, and 3) how to use formative assessment to monitor student learning.
RESEARCH ON LEARNING
The research on human learning supports the use of teaching strategies that engage the learner with opportunities to practice new skills, experience mistakes, and reflect on these experiences as a method to connect student understanding and subsequent transfer of concepts to practice Volume 15, Number 2 (1, 6) . Understanding what is known about human learning can assist educators in making informed decisions about teaching and in intentionally aligning a teaching approach with learning goals. The empirical evidence on human learning has increased dramatically over the past 50 years as a result of extensive interdisciplinary scientific discovery (1, 6) . Developments in educational research have resulted in more focused discussions on how to apply the research to instructional design. For example, we know that learning is a social process that requires interaction and collaboration (29) ; subsequently, choosing a teaching strategy that involves group collaborative projects may be appropriate for encouraging conversation and problem solving associated with ethical dimensions of research. We know that understanding occurs through reflective practice (22) ; therefore, creating opportunities for students to think about what they are learning and to question what is unclear about responsible research practices should be encouraged. Research shows that students are most motivated to learn when the subject matter is connected to personal and professional interests (16) ; as such, conveying why learning about ethical and responsible practices is important to professional success in academic research should be conveyed early in RCR education. Evidence supports that conceptual understanding is enhanced when connected to practice (18) . Employing teaching strategies that engage the student in experiential and project-based learning activities will facilitate connection of learning to practice.
In 2000, The National Academies Press published a model for designing the optimal learning environment, which is grounded in over a half-century of research on human learning (6). More recently, Ambrose et al. (1) added to this body of research by connecting seven research-based principles that can be used to guide post-secondary teaching. The research on evidence-based practices combined with personal experience teaching RCR to a broad range of students has contributed to a framework that guides my teaching about research ethics. Several tips that inform my teaching about RCR follow:
RESEARCH ON LEARNING APPLIED TO RCR

Tip 1: Facilitate investment and motivation
Learning something new is challenging, and student motivation is one of the most important elements to facilitating the learning process. Recognizing what is being taught, why it is being taught, and expected competencies are critical elements for learning (1, 6) . When students understand the purpose of acquiring new knowledge, they are more likely to be self-directed and motivated to learn. Ambrose and colleagues (1) encourage teachers to design instruction so that it is relevant and of interest to the student. If you are not sure what students will find of interest, it never hurts to ask them. When they have some choice and control over what is being taught, students become more invested in the learning process, which also contributes to increased motivation. Likewise, it is important that students understand what they need to do to demonstrate a mastery of the subject matter. When teaching research ethics, we want to consider what constitutes a novice learner and what we would need to see to identify whether a higher level of competency has been achieved. For example, if a course goal is for students to improve their ability to identify and analyze an ethically charged situation, this expectation needs to be clear to both the instructor and the student. Likewise, course evaluation metrics must be clearly aligned with the skills and behavior that demonstrate improvement. Making course goals explicit and including opportunities for practice and feedback that will build student success and confidence will, likewise, facilitate motivation.
Tip 2: Connect RCR to professional success
While it is important to know the course purpose, goals, and objectives, students need to know how RCR relates directly to their professional success. Rather than launch the course by telling students about requirements and rules, it is helpful to incorporate examples of how knowing about RCR will be a useful tool in navigating professional challenges by using authentic and realistic examples that reflect day-to-day ethical challenges. When teaching RCR, I ask students to identify the five most important aspects of planning, conducting, and reporting research that they need to know to be successful in their work. Not surprisingly, students tend to describe core elements of responsible and ethical research practices (e.g., appropriate research design, managing bias, promoting a collaborative environment, sound data management strategies). Having time to reflect on what is needed to succeed in a research profession creates the opportunity to engage students in discussion of RCR based on their interests. Learning about the students-their educational background, prior exposure to research ethics, and experiences with day-to-day ethical challenges-can also reveal examples of questionable behaviors among research mentors who are successful by conventional standards. These challenges must also be addressed in an honest manner.
Tip 3: Engage students in goal setting to increase commitment
To increase personal responsibility for learning, the evidence supports engaging students in setting personal goals and collective goals for the course (1). The process of goal setting is intended to encourage students to take responsibility for determining what they want to learn about research ethics and identify priority areas. Based on personal experience, student-generated goals typically include, for example: 1) learning about regulations, standards, and norms related to their discipline; 2) knowing how to avoid behaving in a manner that would discredit their work;
3) understanding how research ethics is practiced in their discipline and how that might vary across disciplines; and 4) knowing appropriate ways to respond if observing questionable practices. This process of collectively setting goals and priorities creates a sense of responsibility and ownership for learning. Prioritizing RCR topics covered during the course based on student interest can also be valuable for creating motivated and interested students. Needless to say, the instructor is the expert and determines the final course plan.
Tip 4: Know that preconceptions influence learning
Students' prior experiences in classes and/or daily life contribute to what they know and to their perceptions about what they need to learn (1, 6) . When learning, students naturally draw upon their foundation of experience to guide and filter the process of making sense of new information. Researchers have recognized that understanding the learner's prior experience is critical for acknowledging both correct and inaccurate perceptions specific to RCR (20) . RCR instructors can benefit by recognizing that students have some prior research experience and those experiences, both good and bad, will influence learning about responsible and ethical research practices. Ambrose and colleagues (1) recommend conducting a short and low-stakes assessment to get a sense of knowledge, facts, concepts, and overall familiarity with the subject matter; however, this can also happen through group discussion, brainstorming, and reflective writing exercises.
Tip 5: Apply student-centered teaching and learning
Student-centered learning is heavily influenced by social constructivist ideology advanced over the past century (21) . Social constructivism is most closely aligned with developmental theories advanced by the likes of Lev Vygotsky (29) , Albert Bandura (4), and Jerome Bruner (8), who believed that people make sense of the environment and create meaning or understanding through their interactions with others. The constructivist orientation when applied to teaching shifts the instructor's role from that of a lecturer to one who facilitates the learning process using methods typically associated with experiential learning and reflective practice (21) . These methods are carried out using a variety of tools that complement RCR instruction, including, for example, case analysis, case building, role-play, journal writing, collaborative group projects, and interactive lectures. An important aspect of the student-centered approach is that authentic engagement is a critical factor for learning and lecture is typically limited to information the trainee/ student cannot acquire independently (1, 6).
Tip 6: Align teaching strategies with learning objectives
It is important to identify course objectives and learning outcomes in order to assess whether teaching strategies are accomplishing the intended goals. Course objectives can be achieved using a variety of teaching tools and strategies that actively engage students in the process of learning about the day-to-day ethical dimensions of research (e.g., case-based reasoning, current events, role play, debate, and student-led instruction). For example, if a course goal is for students to recognize the value of staying current on matters that influence research integrity, teaching strategies selected should create opportunities for students to actively practice the skills that foster self-directed learning (e.g., identify the problem, synthesize the literature, identify gaps, etc.). If a goal is for students to increase awareness of the ethical dimensions of research, reviewing case studies that are relevant to the student's research environment, applying a framework to analyze the case, followed by group discussion may be a good teaching strategy; however other strategies may also be effective. Regardless of the teaching strategy selected, it should be intentional and connected to the learning objective so that the desired outcomes can be evaluated.
Tip 7: Implement formative assessment and feedback
The goals of formative and summative assessment are different. Formative assessment is used to guide instruction by making the learning process more visible for both the student and instructor and occurs while teaching. Summative assessment occurs when the course is complete and confirms whether predetermined benchmarks were achieved (15) . When teaching RCR, formative assessment techniques are used to monitor student learning so that it is clear what students understand. Knowing how students are thinking about the content and application of concepts in practice allows instructors to address misconceptions and make adjustments to their instructional design. Short writing assignments, problem-solving frameworks, and checklists are tools that students can use to self-monitor their learning when completing assignments (14, 15) . Formative assessment is an essential part of determining the extent to which instructional strategies map to learning objectives and whether the instructional technique connects to desired student-learning outcomes.
CONCLUSION
While there is no shortage of research ethics educational resources, the effectiveness of RCR training is questionable. Rather than assume ethics education is ineffective, we should first consider whether we are effectively utilizing these resources when teaching RCR. The literature clearly demonstrates that the application of evidence-based principles in education is associated with improved student learning; however, it is unclear whether RCR teachers are applying these principles when designing instruction. This essay briefly introduced the research on human learning and described several practical tips for connecting evidence-based principles to RCR teaching. A few RCR-specific studies have revealed the importance of preconceptions and misconceptions on research ethics and students' ability to learn (20) , the importance of aligning learning outcomes with instructional strategies, and the value of formative assessment to guide instruction (14, 15, 26, 27) . These studies shed light on how the science of learning can inform effective teaching about responsible and ethical conduct of research. Clearly, additional educational research is needed that applies the research on learning to teaching about research ethics.
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